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- This report contains information on the Garman AT 1, AT 2
o and AT 3 mine firing units, Thesge units are combined acoustic-

subsonic operated devices, AT 1 and AT 2 were designed for use
in the LMB mine, AT 3 was designed for use in the TMB and TMO
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3 GERMAN AT MINE UNITS
S
Al 1, Introduction,
o :
A (a) The Gernans had attempted, since 1941, to produce a mipe
Kt embodying subsonic firing, with only partdal success, The result

. was the AT group of units, which includes the AT 1, AT 2 and AT 3
& units, These units were formerly designated Ai 1, AL 2 and AA 3
:ﬁ, ) ‘but AT ig a more recent officisl German designation, It is repart- oo
e ~ od that units of this type had been 1laid since 1942, but, until !
) the war in Burope was ov-r, only small partsof the units had been
] captured, and none had ever been recovered, )
- (b) AT 2 end AT 3 units have been captured and forwarded to
EJ ’ U, S, ¥avy Ordnance Investigation Laboratory, None of the obsoléte
s . . AT 1 units have been captured, Considerable documentary inform-
K- ation is being forwarded sevarately; this report contains inform-
:@ ation derived entirely through preliminary screen of documents
i and interrozetion of German oprigsnerg of war, :

{ . ’
K 2, General,
"-9:4
i The Gérmen AT units ard subsonic mine Firing units for grownd
@j mines, The subsonic firing festure has some verticel directional

b

characteristics, but, since the mines in which it is used are
cylindrical, the Germans assumed that any position in,which the o
mine might’ 1ie would not inhibit its proper operation, TFach AT )
unit is fitted with a sonic acoustic triggering system designed

to save the amplifier batteries of the subsonic component, The

gubsonic component is designed to operate in the range between

20 and 25 cng, The different units are likely to have slightly

different resonances, with quite sherp resonance peasks, but this

is congidered a good operational vroperty by the Germans,
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CONFIDENTIAL

3, The Magnetophone,

A magnesonhane ("klotz") is the detecting device for the sub-

sonic commnment 2f the AT units, This device is sometimesg know

as a "dovrewscavinger! or "double oscillator by the Germans, A

sectional Crawing »f the magnetophone aonears in Fig, 1, The

device is suspended from a supporting arm which is threaded into

the minecase tail Aoor an the axis of tke mine, This suoporting

arm is fitted with 2 guaré cylinder to prevent excessive motion

. on impact, The magnetovhone isg connectéd to the gupnorting arnm

Y, by = type »f bearing, such that it is free to rotate in a plane
verpendicular $0 the axis of the mine, To prevent damaze on ley-
ing, the megneiophone is held in a fixed position by an arm mount~
ed on the tsil door, arnd the megnetophone is released by the blow-
ing of a fuse when-the mine becomes armed, It is expected thab
the mine will iie horizontelly or nearly so, and the weight of the
magnetophone will cause it to swing to a henging nosition,
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4, Magnetophone Construction,

As shown in Fig, 1, the magnetovhone consists of a magnet
and the assembly for the coil, The magnet is cylindrical,. and
hes twn concendric moles with a small gap between, The magnetic
field in this gap is 9000 gauss, The coil assembly is a group
of zinc fit%tings bolted ¢nto the gap end of the magnet, Inside

A C%b the assembly, the coil is mounted on ‘an sluminunm block supported
Y el by two flat bronze. springs, The coil is wound on 2 cylindrical

paper form and held to it By shellac, Two springs are used to
agsure that motion of the coil between the magnet voles will dve
along the axis of the coil, A zinc strengthening strip is bolted
on the bottom, When the magnetophone is held in fixed position
befare the releage fuse blows, a pin fits through a hole in this
strin to hold the aluminum coil-mountinz bleck against its limib
stop and orevent damaze due to impact, The system is designed

to havé a resonance of 22 cws, The mass of the megnetophone and
the lensth of the suspension are the principal factors in deter~
mining this frequency,
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5, AT 1,
Tne AT ° writ was the first attemptto vnroduce 2 subsonic
firing df-vi-c:c In the AT 1, a simple sonic-acoustic trigzgering
gystem s astc 3 cl.ock uh*ch kept the subsonic system armed for
a period 2% =boui ‘2 minmbzs, It was found that this uwnit was too
easily swey t 21d was especially subject to firing due to explosions,

Rl

This may be aeen in Fig, 4, The diagrem showing the sound level

. chang?s cau d by remote ﬂeto ations shows that tronsmission’
throuzh the g-ound reaches the mine aomrox, 25 seconds ( in the e
case shown) before transmission through ,he water, It would be A
possible, in the AT 1, for the zround wave %o Srigzer the unit

by actuatloﬂ 2f the son1c system eand thr watcr-txars 1tied wsve

to fire the mine, This fault was elinated by use of a different
trigzering sysiem in AT 2, Therefore ail existing AT 1 uniis,
including those in the field, were converted to AT 2's, the mod-
ifications necessary for conversion lying orimarily in the ioprove-
ments in the acoustic trizgerinz circuit,

6, Acoustic Trizgerinz Circuit,

1

The modified tyve of acoustic trizgering circult as used in
AP 2 and AT 3 appears in their cifcult diazrems, Fig, 2 & 3, The
normsl cantilever-tyve carbon-button micronhone is used ir a trans-
former and rectifier circuit, The outwut signal current actuates

0

P
.

T T T S I
L “ .

va

relay Fu, Olosure of its conthct (fu) connects reley Ry to. the &3k
96-volt battery through a 100 KOhm resistor, When contact (ry) -

closes, it turns on the heatsr votential to the three tubes of
the subsonic ampliffer, The resistor-condenger system in parallel
with By 1is desizned to hold R, in the operated condition for 3-Y4
geconds if (fu) upens, This Is designed t» bridge any short inter-
ruptions in the triggering noise, but, at the seme time, shutb off N
. azain if the sound is other than = continuous one, This is an -
anti-gween and anti~exwlosion feature, A continuous shund is nec-
essary to keep the subgonic component »f the unit alive, and it X
will remein alive until the sound st)ps. Detonation vrotectinn S
is also vrovided by transformer ST and its associated system, A .
det mation will produce a surde in the transformer which will operste

Iy
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CONFIDINTIAL

Acoustic Trizgering Circuit, (Cont'd),

relay 2; OClosure of contact (v) connects the time-delay system
including relay R,,* When R, is energized, contact (rz) ovens,
breaking the circdit from t8e firing (micronhone) bat%ery to the
detonator; The time-delay circuit keevs R, energiged for a per-
jod of about 3-U4 seconds to allow the surgé to pass,

7. AT 2 Amvlifier - Subsonic,

75
oyt

ol The circuit of the AT 2 subsonic amplifier apvears in Fig, 2,
The amplifier consists of three vacuum-tdbes, All are glass ven~
todes type RV 2,4 P 700, The magnetovhone output is fed ‘to 2
sharoly-tuned transformer circuit, This circuit is tuned to 20-
25 cps, The first amplifier tube may be tavoved at three differ-
ent points to determine the sensitivity. of the unit, The outout
is condenger-coupled to the second stage, The output of the sec-
ond stage is trangformer-counled to the third stege through a
broadly-tuned transformer circuit, When the subsonic amplifier
is switched on, contact (rl) breaks the connection between the
grid of the third vpentode with the ground through the 10 Ohm

!‘_‘ NS CY
'.‘-'.‘*:‘.‘z
resistor, Thus, the srid votential of the third stage pertode ONENES
will demend unon the output of the second stage, The output of Y
. the second stage is rectified and fed to a time~delay oircuit AT
with 2 total delay of aporox, 2 sec, At the end ~f this delay AN
° = the zrid of the third staze mentode becomes nore positive and F;ng
L draws plate and screen grid current through the overation coil IO
>f relay By, When contact (rp) closes, the detonator is fired, AN
I
. '_-_:.n;‘-;
:\.'-_.":-',';‘
L3 ‘l\, l‘..: »,
8, AT 3 Amolifier - Subsonic, A
o
— g
! The circuit of the AT 3 subsonic amplifier avpears in Fig, 3, RO
PR The amplifier consists of two vacuum-tubes, Both are metal pen~ N
) todes tyve DF 11, The circuit is essentially similar to A7 2, T
o except that the substitution of the met=l tubes which have lower .
Al heatér drain curents) increases the continuonsg drain 1ife on the
@ amlifier batteries from 50 hours (in AT 2) to 1M days, The AT 3
e
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AT 3 Amplifier - Subsonic, {Cont'd),

has no provision for setting sensitivity similar to that used in

AT 2, As well, that third stage is omitted, and the output of the

.second stage 19 transformer-couvled to a full-wnve rectifier and
_— time-delay circuit which overates = relay (Rp), Closure of cont~
. act (rp) vuts the 96-volt battery across relay Rh‘ Closure of

rYy fires the minej

-

9

Fiz, 4 shows a German representation of various vhases of
AP mine characteristics, 4 sketch and a shemetic renresentatlon
of the megnetovhone is shown, The relative resnonse of the sonic
m1cronhone and the subsonic magnetophone is shown in the first
chart, The second chart ghows the subsnnic effect at a point due
t2 ex01031ons at distance.

Comment,

n 2

10, "Hell“'Donuelschw1nﬂer. . i .

Vhen the AT units were in original develonment purt’of the.

development was " done by the firm nlectroacoustic Y1e1 and part
'by Dr, Ingi Rudulf Hell, Berlin, The 71 ectroacoustic (Elac) devel-~
opment was finally qccevted ofid 18 the tyove described in the nre-
ceding parsgravhs, Dr, ﬂell‘s subsonic detecting device is of |
gome interest, however, The mezgnetovhone used in the AT units isg
the work of Dr Gerloff of SVK, Xiel, and required a vacuum-tube
amplifier, Dr, Hell, however, cancentraxed his effports on pro=
ducing a detecting device which would have high enough output to
operate relay systems directly, as in the normsl sonic acoustic
gystems, The exwerimental detecter nroduced by Dr, Hell was &
¢arbon-button device which Dr, Hell claims had a very sharp re-
sonance peak at agorox, 20,05 cps, This device, known as the "Hell
Doppel schwinger!, “due to unsatisfactory results with an earlier
device knows as the "3Zinfacheschwinger", was constructed as .shown
in Fig, 5, Fig. 5 is modified slightly for clarity, There are

two weights, each mounted on twn susnens1on leaf snrlngs, one above

. . -
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"Hell® Dopnelschwinger. tCont'ad),

and one below, The unper weight and soring system is adjusted to
be resonant to 20,0 cvs, The lower weight and spring system is
adjusted to be resinant to 20,1 cps, These two weight systems
have reson=nce curves snoroximatinz those shown in Fiz, 6, When
the frequency is lower than the resonant frequency of the weight
system, the weights oscillate together with the mass of the mine-

N cage t9 which the detector 4s fixed, When the frequency is high~
gy er than the resonant fregquency of the weight system, the weights

osctllate aporox, 180° out of vhase with the mine-case, ‘hen the
frequency lies between 20,0 and 20,1 cps, the two weight systems
are 180° anart in vhase, A carbon-button microvhone element is
connected to the two welght systems, and measures the relative
motion between them, Thus, the outout of the carbon-button
reaches a neak when the frequency lies half-way b=tween the resm=~
ant frequencies of the two systems (20,05 cos), The earlier type
(®infacheschwinger") made use of only one resonant welght system

‘ and the other part »f the carbon button was connected to a fixed
part of the assembly, In this system the movement of the one
system only is measured and there is no mhasinz effect, The
"Binfacheschwinger” had e high subsonic outnut but its resvonse
was $00 broad to be desirable for use in an AT mine,

Prepared by

> W, C, Holmes,
- Iieut,, USHR,
R, J, Franz,
Lieut,, USHR,
ﬁﬁé C, J, Oleniacsz,
L 0 Lieut,, USNR,
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AT 2 Unit Testing Assembly,
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